Introduction
Patients undergoing non-traumatic major lower extremity amputation (MLEA) such as above knee amputation (AKA) commonly have multiple comorbidities like diabetes mellitus, cardiovascular and renal disorders [1, 2] and they are at risk of significant postoperative morbidity and mortality.
AKA is often the last resort following failed limb salvage treatment. [3] When performed as an emergency, it is for prompt infectious source control in overwhelming soft-tissue or bone infection. Patients at this point of presentation are in severe sepsis with multi-organ dysfunction confounded by poor comorbidities translating to high risk of perioperative complications. In one study [2] , a patient with ASA grade ≥4 undergoing MLEA was associated with a greater than fourfold increase in 30-day mortality, and a twofold increase in long-term mortality. The long-term survival for those undergoing AKA is dismal. [4] Peripheral nerve block (PNB) is the preferred choice of anesthetic technique for high-risk patients undergoing MLEA in our center. However, the effects of peripheral nerve blocks (PNB) as the sole anesthetic technique in high-risk patients undergoing AKA have not been fully evaluated and only a few case series were reported. [5] [6] [7] We aimed to evaluate the use PNB as sole anesthetic technique for the above-mentioned population and its clinical outcomes.
Material and Methods
This retrospective descriptive study (January 1, 2010 to December 31, 2016) was conducted with a waiver of informed consent approved by SingHealth Centralized Institutional Review Board (CIRB Ref: 2018/2010), https://research.singhealth.com.sg. All patients categorized as high risk [American Society of Anesthesiologist (ASA) IV and V] who underwent nontraumatic transfemoral, AKA using PNB in the above-mentioned period were included. Major amputations secondary to trauma were excluded.
Data collection source included patients' hospital electronic medical records, anesthesia files, and departmental nerve block audit database. Patients' demographic profiles, ASA status, comorbidities, and investigation results were retrieved from the hospital electronic records. Details of the PNB, intraoperative hemodynamic status, usage of sedation and analgesia were obtained from the nerve block audit database and anesthesia records.
We evaluated the success of the operation using PNB, nerve blocks details, intraoperative hemodynamic status, and usage of sedation and analgesia, plus postoperative monitoring destination. Patients' survival at 30 days and 1 year were determined. We defined block success [8] in this study as the ability to proceed with the surgery without conversion to general anesthesia or spinal anesthesia.
Patients' various comorbidities were further evaluated using the Charlson comorbidity index, a validated scoring system which contains 19 categories of comorbidities, and predicts the one-year mortality. [9] The mortality rate increased with increasing Charlson Score: none (0), 7%; low (1 -2), 22%; moderate (3 -4), 31%; and high (≥5), 40%. [9] Additional sedation and analgesia are commonly required to facilitate AKA. [5] [6] [7] The commonly used drugs for sedation and analgesia included fentanyl, midazolam, ketamine, and propofol. As for the intraoperative usage of sedation and analgesia, we considered mild sedation-analgesia if only one or two agents in low dose were used, such as fentanyl (<1mcg/ kg), midazolam (<0.05mg/kg), ketamine (<0.5mg/kg), propofol (< 25mcg/kg/min or target controlled infusion < 0.5mcg/ml). Any usage of more than two agents or using higher dose with a single agent would be considered as moderate to deep sedation-analgesia. For the purpose of the study, hypotension was defined as a decreased in mean arterial pressure (MAP) of >20% from the baseline value and required vasopressors. The intraoperative hemodynamics status for the first 120 minutes after administering the PNB was evaluated and the usage of vasopressors, such as ephedrine and phenylephrine, during the surgery was determined.
Statistical analysis
Descriptive statistics for categorical data were presented as frequency and percentage. Numerical data were presented as median [(interquartile range) IQR] unless otherwise specified. The differences in characteristics were examined using Mann-Whitney U-test for numerical variables; Chi-square test or Fisher's exact test were adopted for categorical variables. A two-tailed, P value <0.05 was considered statistically significant. Statistical data analysis was performed with SPSS statistical software, version 19.0 (IBM Corp. Armonk, NY).
Results

Patient characteristics
During the study period, 57 ASA IV patients underwent AKA using PNB [ Table 1 ]. None of the patients with ASA V status were identified. The demographic data and the duration of surgery are given in Table 1 . Table 2 shows that the patients were generally very sick. Each of them had at least four major comorbidities. The median Charlson comorbidity index was 8.0 (IQR 7.0 -10.0, p value 0.048) which indicates high one-year mortality. Forty nine (86%) patients had recent transthoracic echocardiography (performed within the last 6 months) or during the current hospital admission; 14 cases (24.6%) had preserved left ventricular function (ejection fraction ≥50%); 35 cases had impaired left ventricular function (mean ejection fraction 38 ± 15%) and the lowest ejection fraction was 10%; 2 patients had poor heart function with left ventricular apical clot. Four cases had a history of cardiac arrhythmias such as sick sinus syndrome, complete heart block, and chronic atrial fibrillation. One of them had pacemakers inserted.
Major comorbidities
All patients had evidence of sepsis from the affected lower extremity. Of the four patients presented with septic shock on admission, three had been successfully weaned from vasopressor before operative procedure. Various comorbidities are listed in Table 2 .
Peripheral nerve blocks and patient survival
Ninety-one percent (52 patients) successfully underwent surgery with PNB [ Table 3 ]. Only 5% of the operations were performed under PNB without the usage of sedation or analgesia in the intraoperative period. Sixty-seven percent received combined femoral, obturator, and sciatic (FOS) nerve blocks, in which nine cases had an additional lateral femoral cutaneous nerve (LFCN) block (lateral FOS). The rest of the patient had combined femoral and sciatic nerve (FS) blocks. The FS group required higher sedation and analgesia compared to the FOS and FOSL groups (P-value = 0.013).
Two patients had bilateral AKA in the same operative setting, in which blocks were performed in stages. PNB was given to one side first. Another round of PNB was delivered at the contralateral limb after completion of the first amputation. All received FOSL and both cases were successfully operated using PNB. Sixty-five percent of the blocks were performed with ultrasound, and the rest used dual guidance (ultrasound and peripheral nerve stimulator). Variable local anesthetic (LA) concentrations and volumes [ Table 4 ] were used by specialists experienced in performing PNB. All subjects received standard ASA monitoring. For hemodynamic monitoring, 40% of the patients had an arterial line. Majority of the patients were hemodynamically stable during operation [ Figure 1 ] except for 10 patients which required vasopressor during operation. Patients in our study had a 1-year survival of 53% [ Table 5 ]. The 30-day mortality was noted at 12%. The intraoperative mortality and within 48 h after surgery was observed to be zero. The earliest recorded death was on the sixth postoperative day.
Discussion
Our study has confirmed that PNB could be used as the sole anesthetic technique in high-risk patients having AKA with high success rate. We present a relatively large number of ASA IV patients underwent AKA with PNB. The existing literatures were just a small case series of four patients [5] and two individual case reports. [6, 7] The neuraxial anesthesia in the form of a subarachnoid block has always been considered as the gold standard technique for lower extremity surgeries. [10] [11] [12] [13] However, it is unsafe to perform neuraxial blocks on high-risk patients with deranged coagulation secondary to sepsis or the use of anticoagulant/ antiplatelet medications. [14, 15] Further, anesthesiologists may choose to avoid subarachnoid blocks in patients with limited cardiovascular reserve due to the risk of significant hemodynamic instability. PNB give greater hemodynamic stability than any other anesthetic techniques. [16] [17] [18] Figure 1 showed stable hemodynamic trend over 120 minutes after receiving PNB. Only 18% of the cases required some amount of vasopressor during operation, and that could be due to the usage of higher sedation-analgesia, and patients had limited cardiovascular reserve and bleeding during operation. PNB has also proven to provide excellent anesthesia and analgesia [17] [18] [19] for a variety of surgeries, with a particular benefit on those undergoing the upper and lower extremity surgeries. [7, 20] In the textbook, the recommended PNB of choice for AKA surgery would be lumbar plexus block combined with sciatic nerve block. [19, 21, 22] A lumbar plexus block should block the femoral, obturator, lateral femoral cutaneous and genitofemoral nerves. However, it is a deeply seated block in a highly vascular area requiring a high volume of LA. The anatomy poses an increased risk of local anesthetic systemic toxicity (LAST) and hematoma. The presence of coagulopathy or the use of anticoagulants or antiplatelet further enhances the risk of hematoma. In addition, most literature [23] described lumbar plexus block as a technique for intra-operative and postoperative analgesia following lower limb surgeries. The quality of anesthesia is inconsistent for it to be used as a sole anesthetic for any surgical procedure (even when combined with sciatic nerve block). Therefore, the anesthesiologists selectively block the main components of lumbar plexus -femoral and obturator nerves in 67% of the patients, lateral femoral cutaneous nerve (LFCN) is also blocked for some patients. [7] Some anesthesiologists did not block the obturator and lateral femoral cutaneous nerve, which is essential to achieve complete anesthesia for AKA. Owing to poor documentation, we could not determine the reason for blocking only femoral and sciatic nerve. Our assumptions -patients were mostly very sick and small size hence limiting the LA dose and volume, the sonoanatomy might not be clearly visualized due to tissue edema and not every operator was familiar with obturator nerve or LFCN block. The operators probably believed, the medial and lateral aspect incision discomfort could be overcome with sedation analgesia and local infiltration by the surgeon. Therefore, we are not surprised that the FS group required higher sedation analgesia.
Sixty-five percent of the blocks were performed with ultrasound, and the rest used dual guidance (ultrasound plus peripheral nerve stimulator). The use of ultrasound in lower extremity block had shown to decrease block performance time, reduce block onset time, increase the rate of sensory block and improve the efficacy of analgesia. [24, 25] Dual guidance is useful in cases involving deep and challenging blocks whereby the visualization of sonographic images of the needle and neural structure is poor.
Mortality
Several studies on MLEA which include AKA and below knee amputation (BKA) [1, 26, 27] , have quoted high mortality rates of 13.5 -22% at 30 days and 44 -48.3% at one year. The above-mentioned studies did not evaluate the choice of anesthetic technique used. Scott et al. [2] , found no association between the choices of anesthetic technique (neuraxial regional anesthesia or general anesthesia) with survival after MLEA when corrected for other variables. However, patients in their study did not receive PNB. The overall 30-day mortality in their study [2] was 12.4%, but in patients with ASA grade 4 or 5 was 23.2%. Our study showed 30-day mortality of 12.3% and 1-year mortality of 47.4%. Our study had no control group. The perceived mortality benefits from this study need to be supported by randomized control study (RCT). Various factors that can affect in-hospital mortality apart from the anesthetic technique are cardiac complications, nosocomial infection, venous thromboembolism and poor wound healing. [27] Nevertheless, our study showed that PNB could reliably provide stable hemodynamic throughout the operation without any reported case of intraoperative mortality.
Limitations
Our study only involved a single center with a relatively small cohort number to determine the mortality benefit. This study is also based on the analysis of retrospective data. Poor documentation such as the need for LA infiltration by surgeon precludes our further evaluation of failed block cases. We had no standardized LA type, concentration, or volume [ Table 4 ]. LA dosages used in PNB are based on the principle of maximal allowable dose. A maximal allowable dose may be calculated and diluted into a large, convenient to administer volume (usually 30-40 ml). In this study, the attending anesthesiologist determined the volume based on the preference of LA, patient's body weight, and intended amount to achieve a successful block of each nerve. The amount of LA used was also dependent on technical difficulties encountered due to patient, operator, or equipment factors, i.e., edematous soft tissue resulting in a bad ultrasound image and/or associated with a reduced motor response on the use of peripheral nerve stimulator. This information was often not documented in the database and hence precluded further analysis. Our study revealed that several patients had received LA doses, which had marginally exceeded the upper limit of dosage recommendation based on body weight. There was no reported incidence of LAST in this study. Bech et al. [5] had used LA volume of 60-70 ml admixture of bupivacaine 0.5% plus carbocaine 2% with epinephrine in four high-risk patients that underwent AKA using PNB.
It is well appreciated that the relationship between dosage of LA and a successful PNB is complicated and not well understood. Many anatomical, physiological, pharmacological, and procedural factors determine the likelihood of block success. [28] Use of combinations of LA is well known in PNB, i.e., the use of faster onset of short-acting LA with the prolonged duration of long-acting LA. In our study, 53% cases received admixture of long-acting and short-acting LA [ Table 4 ]. This may offer a safety advantage by dose sparing of the long-acting LA, which is potentially more cardiotoxic than the short-acting LA. However, practitioners should be aware that LAST can be secondary to an additive effect and careful consideration should be given to the total dose of LA administered. [28] Also, our study population consisted mostly of elderly patients with multiple comorbidities such as poor heart function and liver impairment. These conditions warrant administration of a lower dose of LA. Aging affects the pharmacokinetics and pharmacodynamics of LA, composition, and characteristics of tissues and organs and physiological function of the body. Changes in the systemic absorption, distribution, and clearance of LA lead to an increased sensitivity, decreased dose requirement, and a change in the onset and duration of action in the elderly. Likewise, in patients with congestive heart failure, there is a reduction in the volume of distribution and impairment of clearance. As a result, plasma concentration of LA in this group of patients is usually higher.
Conclusion
Findings of this study showed PNB is a viable option for reliable anesthesia for AKA in high-risk patients. A majority of these patients (95%) had supplemental analgesia and sedation during the procedure. Combined FOS nerve block would reduce the dose for sedation-analgesia during the operation. Majority had stable hemodynamic during the operation.
